Numerical analysis of the 41 species currently recognized in the genus Saccharouzyces indicated that only 23 clusters were sufficiently different, at less than 90'); matching of 58 characters, to be classified as separate species. These species belonged to four main divisions of the genus, mutually related at 70 to 75:/0 matching : Saccharomyces cerevisim group (twelve species), S. exiguus group (seven species), S.$orentinus group (three species) and S. rouxii. By similar analysis of the genus Kluyverornyces, three groups were recognized ; the first, of twelve species, was associated with Kluyverornyces lactis, which, related at 70 yo to the four groups of Saccharomyces, may be regarded as a fifth group of that genus. The second group of Kluyveromyces is a single species, K. veronae, which is related to the S. cerevisiae group. The third group of Kluyveromyces, five former species related to K. africanus, is closely related to S. uxiguus. The genera Saccharomyces and Kluyveromyces overlap and it is proposed that they be regarded as a single genus, Saccharomyces. In the combined genus there are 34 species, assessed at 9076 matching coefficient. A list of proposed synonyms is presented, with modified standard descriptions of those species in which the synonyms are merged.
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The advantages of serological identification over a scheme based on fermentation and assimilation are discussed; yeast isolates may be allocated rapidly to one of the major taxonomic groups by agglutination and examination of morphology.
Saccharomyces rouxii characteristically reacted with serum A, and S. exiguus group usually with serum D, although occasionally also with sera A or B. The groups of species associated with Kluyveromyces lactis, S. cerevisiae and S. Jlorentinus were antigenically heterogeneous, but were distinguished by morphology of the cells.
I N T R O D U C T I O N
Tsuchiya and co-workers have demonstrated the range of antigenic properties of yeasts, defining them in terms of 39 different antigens: an analysis of 21 species of the genus Saccharomyces was presented by Tsuchiya, Fukazawa, Kawakita, Imai & Shinoda ( I 965). Campbell (rg71a) described a simpler scheme of only six antigens A to F which allowed identification of 14 genera of yeasts by agglutination or immunofluorescence methods. Only four of these antisera, A, B, C and D, were required for identification of the genus Saccharornyces (Campbell, I 968) : numerical analysis of physiological and morphological properties of 28 species of Saccharomyces distinguished ten groups which agreed well with agglutination reactions with sera A, B, C and D (Campbell, 1970) .
The most recent classification of the genus Saccharomyces (van der Walt, 1970bj recognized 41 species, including six varieties. Four former species of the genus, Saccharomyces fragilis, S. lactis, S. marxianus and S. veroi7ae (Lodder & Kreger-van Rij, 1952) , were transferred to the genus Kluyveromyces, mainly on the basis of fragile asci and (usually) reniform spores. Saccharomyces species of identical sugar fermentation patterns were merged; thus
Numerical malysis of Saccharomyces 28 I
Numerical analyses. Analyses were performed as described previously (Campbell, I 970) by comparing groups of up to 24 strains. Both positive and negative matches were assessed as similarity, using Sneath's (1962) formula a+d a-tbi-c+d' s, = Similarity matrices and dendrograms were prepared by arranging species in clusters at the highest mutual similarity level expressed to the nearest 5 l/o (Sneath, 1962; Campbell, 1970) ; normally the percentage matching between species in a cluster fell within a 59(, range. The matching coefficients between clusters showed a wider variation, in some cases of as much
Tests were also performed on a selection of Saccharomyces cultures from Centraalbureau voor Schimmelcultures, Delft, The Netherlands (CBS), National Collection of Yeast Cultures, Nutfield, England (NCYC) and from the collection of this Department (HWU) . Fifty-four characters were compared -the 48 characters described by Campbell (1970) and six additional characters representing the serological properties A, B, C and D, growth on IOO mg cycloheximide/l medium (Oxoid, London) and ' SDM' fuchsin-sulphite medium (Schwarz Laboratories, Mount Vernon, New York, U.S.A.) (Brenner, Karpiscak, Stern & Hsu. 1970). as 10%.
R E S U L T S
Serological properties of Saccharoi~i~~ces species. Cultures of all species of Saccharorviyces not previously examined (Campbell, 1968 (Campbell, , 1970 were tested for agglutination by sera A, B, C, D, E and F (Campbell, 1971 a) . All species reacted only with sera A, B, C or D, confirming the earlier observation (Campbell, 1970) that only these four antigens occurred in the genus Saccharon?yces (Table I) . No sera were prepared against these species.
Serological properties of Kluyveromyces species. All cultures were tested by sera A, B, C, D, E and F (Campbell, I 971 a), but reacted only with sera A, B, C and D, suggesting that the genus Kluyveromyces, like Saccharon.tyces, was limited to these four wall antigens (Table I ). In addition, sera were prepared against Kluyveromyces lactis strains N C Y C~ I 6 and 57 I. Absorption by Saccharornyccs uvarunz ( S . carlsbergensis Hansen) strain NCYC I I I 6 (serological class A), S. fermentati NCYC I 6 1 (class I)), Schizosaccharomjices pornbe NCYC 535 (class E) or Hansenula subpelliculosa NCYC I 19 (class F) did not affect the activity of the serum, which retained agglutinating activity to K. fragilis NCYC roo (class B), Saccharoinj'ces cerevisiae ( S . ellipsoideus Hansen) N C Y C~O~ (class C) and to K. lactis N C Y C~I~, 570 and 57 1. Absorption by K. fragilis reduced but did not eliminate agglutination of S. cereiisiae N C Y C~O~ nor of the strains of K. lactis, thus the remaining agglutinating activity was due to antibody C . Absorption by S. cereMae N C Y C~O~ produced a serum which agglutinated K..fragilis NCYC TOO by antibody B, but only weakly; all strains of K. Iactis were agglutinated by this serum but only the reaction with strain 416 was sufficiently strong to be of value in identification. Thus, sera 416 and 571, which in the unabsorbed state showed agglutination of K. Iactis at I in IOO dilution, were only barely capable of agglutinating the corresponding culture after absorption by S. cerevisiae, which in the course of the three successive absorptions required, caused a dilution of approximately 10-fold. Therefore, antigen B is scarce in K. Iactis; most of the antigenic activity is due to antigen C.
Numerical analyses of standard descriptions of Saccharomnyces species. Eleven species of the genus Saccharomyces were examined in the course of a preliminary survey of ascosporogenous yeasts (Campbell, 1972 h) S. heterogenicus and S. inusitatus are related to each other and to both extremes of S. bayanus, S. cerevisiae and S. uvarum at 80 to 85% matching and are therefore drawn within the S. cerevisiae group. In effect, these six species overlap so completely that they may be regarded as one large species, but S. italicus, related at 85% and 700/0 to the extremes of S. cerevisiae, is drawn out with the large S. cerevisiae group in Fig. I .
Numerical analyses o f standard descriptions of Kluyveromyces species. The genus Kluyveromyces was initially examined separately; the 18 species were examined by analysis of the standard descriptions of Kluyveromyces aestuarii to K. phaseolospoi-us, and then comparison of the species K. polysporus to K. wikenii with the main groups detected by analysis of the first range of species, The final dendrogram of the taxonomic relationships between Kluyveromyces species is presented in Fig. 2 Taxonomic characters not provided in the standard descriptions are listed in Table 2 , except that serological properties and growth on various selective media are included in Tables I and 3 respectively. The analyses, performed on groups of 24 of these strains, and on a selection of previously examined strains of the various serological groups of the genus Saccharomyces (Campbell, 1970) , provided the dendrogram presented as Fig. 4 .
DISCUSSION
The analyses of the standard descriptions of species and of actual strains of these species are in general agreement, but there are minor discrepancies worth further investigation. Thus, in Fig. I the association of Saccharomyces mrakii, of serological class A, with a pair of class D species, S. kluyveri and S. microell@sodes, is anomalous, especially since analysis of S. mrakii CBS 4218 (Fig. 4) showed only 75% matching with NCYC strains of S. kluyveri and S. microellipsodes. In the genus Kluyveromyces, separate subdivisions of the Kluyveromyces lactis group were easily distinguished by numerical analysis of the standard descriptions of species, but analysis of strains of K. bulgaricus, K. lactis, K. vanudenii, K. wickerhamii and K. wikenii provided a single cluster.
The analysis of individual strains (Fig. 4) confirmed the similarity of Kluyveromyces africanus, K. delphensis, K. lodderi, K. phafii, K. polysporus and K. veronae to species of Saccharomyces indicated by analysis of standard descriptions of species (Fig. 3) . Thus, of the 18 species of Kluyveromyces proposed by van der Walt (IgTOa), these six species were sufficiently closely related to Saccharomyces species to justify their transfer to that genus, in spite of a different morphology of spores (van der Walt, I970a). Kluyveromyces veronae, of serological type AC, may by its 85% matching coefficient with Saccharomyces bayanus, S. cerevisiae and S. uvarum be placed in the large S. cerevisiae cluster of species, which is Other tests: + = growth, -= no growth, >i = various reactions between strains, or bctween tests with the same strain. also in agreement with antigenic properties. The five species of the K. africanus group are serologically and taxonomically related to S. exiguus.
The remaining 12 species of the genus Kluyveroinyces, reduced by numerical analysis to four distinct clusters (Fig. 2 Campbell, 1968, 1970, and  Table 3 are collated various characters recently claimed to be of value in taxonomy: serological properties (Campbell, I 968, I970 and Table I ), proton magnetic resonance (pmr) spectra (Gorin & Spencer, 1970) and DNA base composition (Nakase & Komagata, 1971). Size and shape of the cells (van der Walt, 197oa, b, and personal observations) are also shown. There is a clear association between serological and morphological properties and taxonomic groups. In the genus Saccharoniyces there is good, but not complete, correlation between ploidy of the vegetative phase (Table 14 of van der Walt, 197ob) and taxonomic status: species of the Saccharornyces exiguus and S. rouxii groups are generally haploid, while species of the S. cerevisiae group are diploid. Table 3 indicates also the ability of species to grow on various possible selective media: ethylamine and IOO mg cycloheximide/l (van der Walt, 197oa, b) or from our own results, lysine (Morris & Eddy, 1957)' 20 mg crystal violet/l (Kato, 1967) or fuchsin-sulphite (Brenner et al. 1970) media.
1970.
Classification by serological properties agrees remarkably well with the classification of Saccharomyces and Kluyveromyces species by Gorin & Spencer (1970) according to pmr spectra. Their group I (Saccharomyces rouxii group) is composed of species of antigenic group A (Table 3) . Gorin & Spencer group 2 includes species of serological classes AC, BC and C, and species of serological class D occur in groups 4, 5 and 6. Saccharoniyces exiguus, shown in Table 3 as pmr groups I and 5, exists in two antigenic forms (Tsuchiya et al. 1965 and Table I Although the DNA base composition has not been determined of all species of Kluyveromyces and Saccharonzyces, Nakase & Komagata (1971) reported G C ratios of 34 species, from their own results and those of earlier reports by other workers. All species tested of our Saccharomyces cerevisiae cluster had G C ratios between 38 and 40 "/. Saccharomyces dairensis and S. globosus, both of G C ratio 37q4, may be more closely related than Fig. I might suggest, but the ratio of 43 to 457; GC of the S. rosei and S. delbruecltii clusters emphasizes their dissimilarity from the other species of Saccharomyces. Indeed, on this basis Nakase & Komagata (1971) suggested the transfer of the species to the formerly recognized genus Torulaspora Lindner. Such a separation of species into separate genera at the relatively high level of 75% matching is possibly not justified; Campbell (1971b) , following the advice of Sneath (1962) separated genera and species at below 65 to 70 YO and over 85 qh matching respectively. Saccharornyces bailii, S. bisporus and S. rouxii, which comprise our S. rouxii group, are related at only 70% to other species of Saccharonzyces and have more claim to a separate genus. Suggestions for their transfer to other genera have been made on previous occasions (see van der Walt, I970b Fig. I they are related only at 85:10 matching, which is presumably sufficiently distant to be associated with a 49; difference in G C ratio. Unfortunately, the difference between S. unisporus (32-591b GC) and S. saitoanus (4374, GC) is inconsistent with their close relationship at 90 ":, matching and requires further investigation.
Nakase & Komagata reported the GC contents of only eight species of Kluyveromyces. All species except Kluyveromyces polysporus and K. veronae were of G C content of approximately 40 ( > ; , which supports our suggestion that Kluyveromyces and Saccharomyces should be re-united. The identical ranges of GC ratios of K. polysporus and S. exiguus (33.2 to 34*4°0) are in agreement with our suggestion that these species are in the same taxonomic group. The value of 44.4 to 45.9 O/; G C given for K. veronae is at variance with our observed similarity of K. veronae and the S . cerevisiae group (40 yo GC) shown by analysis of standard descriptions and of individual strains: the taxonomy of K. veronae requires further investigation.
Sneath (1962) suggested separation of taxa, presumably species, at 85 y:, matching coefficients. On this ba,sis the combined genus Saccharomyces/KZuyveromyces contains I 5 species. Attempts to provide standard descriptions for these I 5 species proved impracticable, since modification of 1:he description to include all members of a cluster at 85% matching resulted in an excessively wide spread of properties. An alternative system, by which clusters related at 90"/c, or higher matching were regarded as synonymous, and at 85 to 90(>', as varieties of the same species, proved successful, but required six varieties of Saccharomyces esiguus and smaller numbers of varieties of other species. We therefore propose separation of species at 90 yo matching coefficient ; species according to van der Walt (197oa, h) The specific names ' dobzhanskii' and ' drosophilarum' are of equal historical priority. The standard description of K. dobzhanskii (van der Walt, 1g7oa) is closer than that of K. drosophilarum (van der Walt, 197oa) to the description of the combined species, which is therefore proposed as Saccharomyces dobzhanskii. The standard description of K. dobzhanskii (van der Walt, 197oa) 
S. italicus
Morphology: see footnote to Table 3 .
To derive some practical benefit from theoretical taxonomy of Kluy veromyces and Saccharomyces, we now consider the possible methods of identification of species of these genera. Routine identification should employ the smallest range of simple tests consistent with reliability. How detailed an identification is required ? Brewers, distillers and vintners often require to distinguish strains of the same species, and a range of possible tests, some related and others unrelated to brewing properties, was suggested by Gilliland (I 9-71) . For other purposes, e.g. ecological studies, it is sufficient simply to recognize species, and too detailed an identification may be misleading. We have suggested that morphology of colonies and of cells, and serological properties provide adequate differentiation between isolates which may or may not be identical (Campbell, 1 9 7 2~) .
As an example of possible duplication of species, Saccharomyces norbensis, S. olenceus and S. oleaginosus were originally isolated from olive oil preparations by Santa Maria in 1958 and 1963 (van der Walt, 197ob) , but these species differ in only one fermentation reaction, which in any case may be acquired and we have suggested above that these species are identical. Other examples of acquired sugar fermentation reactions which result in the reclassification of strains in different species (Scheda & Yarrow, 1968) show the possible errors in a primary classification by sugar fermentation patterns.
Antigenic structure is apparently a constant property of a strain of yeast, even under different conditions of culture (Campbell, Robson & Hough, I 968), although serological properties have been noted on occasions to vary between strains of one species, e.g. S. thermotoleraiis S. uvarum S. vanudenii S . wirkerhamii 
assirnilation.
Saccharorn~*ces dairensis and S. exiguus (Tsuchiya et al. 1965) and the examples noted in Table I . Morphology is more variable, especially in such species as S. cerevisiae defined to include various morphological types, but most species of Kluyveromyces and Saccharomyces are sufficiently constant in morphology to allow the use of that property in identification. Table 3 shows that the various groups of Saccharomyces and Kluyveromyces are confined within a narrow range of serological and morphological properties. Indeed, for identification of Succharomyces and Kluyveromyces it is possible in most cases to allocate an isolate to the appropriate taxonomic group by serological and morphological properties ( Table 4) . Subdivision of the serological/morphological types identified in a primary diagnosis may be accomplished, if desired, by fermentation tests ( Table 5) . Although Barnett (1971) recommended assimilation rather than fermentation tests for economical identification of a large number of yeast isolates, in our experience the actively fermenting species which comprise the combined genus Saccharomyces/~l~yveromyces are most conveniently distinguished by fermentation tests which require no preliminary washing of the culture.
Saccharomyces bayanus, S. cerevisiae and S. uvarum, with S. diastaticus, S. heterogenicus,
